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TR r r o t t i c~’ ~~ ba v e s i . n~ I1 u ; - .a T . i r ~a - t ?  1 t ’s t l~~at 1 U n  f a s u r v i v a l  or re l iab i l—

~ U f l . t l U  t . i . ~ ‘ i ( -  ~‘i l ~~~1~ i i T a  1~~ r a~~er t  i i i  b~’ severa l au t ho rs  ( f c r

t- .J” ; ii • 
si - a -  - : ~~~t - . -~~ 1 - ‘ 7 3 . l~ 

- 
•. • a t~ ’us~’it •ind ~h~~J ..~ 

( 
~~ 

‘
~~~ • -

.

a . i n ,~ . au ~~ t i .  ) . : • •~~ . . i u t  t-  t t a v - ut 1 ~ 1 Z U J  maiuI ~ t h t

~n ic ~ - 1  : - . i~~~~- s , 1nt t~~- ? . a . a . s ’ .- ’ ~~ ~~~~~~~~ 0? p r -  (554 5 neutral t tht

r i as ;- t ;- r - t a ’ 1 v ~: t s  T 1 f u  ~ ns V a t  ?tt s pat r of  all di st r i ~ u on

o: ti- t a-~~~ - t t ~~ tn~~ cu~~~- t pT.’~ t’ss t i~~ tr . put all o f U t-  p r o b a b i l r t -

~~n di sire ~
- di s : i: I ‘tu, ~~~~ 1 u ;- t i  i r a- u  i- i. I t t ~ie right and integral

~~~~~ pr ’~ a-~~st’s a t ’  vhat ~t i t~~ i u lt t o t  t t ~~~c t t t t - . A isc if further

:-.~~ ~ rr~.it l u  C R ’  •- : u ’. n~ t ri ~t 1 s t :  ihut i~~r unc to r  F t -  be est jmata-d is

• .. i I I . a r s -s t .  pi i t  ~. may u t  ba en~ 
ye 1’. appr opriate . I - r

a- ~ .ir; 1 a • I t ~. .i’. .r ir- - -
, t f r i  F u t .  •.n inc rea~- in fail tire rate (I fl

• h e :‘i r I chlet : 1  ‘cess ~- u  d not be s u i t~~i- I U since F is ahsol~ e

a -fit inuous on at h a  - . ~~~ 1 it  O s sUpp ort • I r th 1 r .a~~er we proposa. a prior

p r ~~~~ ’ss on t.~~~. a l l u r a -  r a t e  t a n  lou i T  i’.ive~ es t  l r r r l t ion of the fa i lu re  rat

~l:r~~ su r’.- iva l un. ion -. un .ia - r  • assur ~pt Ion i~~ IFI. . The proposed pri or is

v e r y  p r a c t i ~~.i~ .in~f has a ph -.- s i u a l  ~nterpret at ion sic. . m r  t~ that of a shock

mode l w i t h  s i - -~~~s o - ~~uT - r i n , : as .a l o i s s u pro~~t . s.  . asst~~ptions are made

about F &‘x ~~a’ p t  th at It j r  lF~ .

Let r (t’ den t . - i f . -  I r a n  f a t i u r ,  rate function o~ the unkno~ i distribu—

t I - ‘n unct I or. F ~nd e I dan Ic surviva l proba b i 11 tv at t -‘ 0 •

a s c r a - c t h a t  F hAs a densit - function f ( t )  — t ( t )~~~t ’  . P~onparamctr l c

estl -ra t i on of t h e  failure r.u.- function has been considered by Wat ,on and

Leadhe tter (1964a , lQh~.b) and b~- ~lar 1a~~ and v aia Zvet (197i) . among others .

In particular , Grenandcr (lQS ~-) and rs )ar~1l and Proschan (l%5) obtained the
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maximun 1 iki- . j hood est imator of  r ( t ) unde r to it - .. 511W a ssurr p I on . l~~ r

eS t i r .~.itt-r w.i s a s t e p  f unc t ion and took the value 4. at the largest value of

the s.t~r ;’1i . } . idt~e t t  .lfl~. ~et  ( 19 ’9 1  have recen t ly  obtained t~~e ~ JX 1~~~r~ h i~~e —

- - i e ma U ‘r or croyr - t on.- .i Iii re~ rat  ~
- functions or ~a n t i t r.a r i 1’. right —

c~~t t t . -r e 1 ‘. u ry j v . i I djt.a .

Tin’ pr i or  prof .ab I l it v d 1511 ibr i t  l a i r  on r ( t ) ~‘ fr i c - f we propose is mot I —

vate d b. the tact t t r . * t  r ( t )  t .an he Llnseiv approxv.IU-d and estimated by a

step- t UTI~ ItOn. ~~t assume throug hout t h. paper  t h a t  r ‘ t it. incrcasjp~

(me’aniti~ it ’nd. c ra’ .is In~
- t o ?  t • ( s. F i . .a:-. I F~ l i f t -  d is t r ibution .

~u;’pcs. - t he a- ~ .pur  ina - u t t - r  has p i t  in!on - at Ion tha t  f t  ~ in quantif y as a ~uc- ;

r t ) I t f ’  cons t an ?  j aa ~ ;- - . of  si  2r • at I imes -: 0 • i a

•i ri arr i v.a l litres or a Poisson proc ess~~~ N ( t ) : t 0

v i t ’ - Intensit y r .itt- V . This constant ~u~ p p roc e s s  thus describes the prio r

probab i lit y d t c t n i b : t I o u  over the parameter space 0 — ~r : r is an

itt l, RStfl. t a ~~1u re rate’  f u n ct i o n l . This pr io r  d i s t r i b u t i o n  over 0 also

h i .  the f~~i 1 - ~w l n a  i n r u : t t v a - i v  appealing phvsic.-il int er;neta tion : Suppose

s ho c k s  occur rand .’~. I - in t i~ ri to a •.v s t e ~ or cor- p ’nent causing a cer ta in

-t:-~ ‘~:r.t ~~~~ d.atrr.icc i t a.rlch incre.isa ’. the fa i lure r a t e  - ‘i such components by

.i ca’rt.-ai n • n st ant p o c i t i v o  .~~‘oran t  ‘ . Assair~ - tha t the damage is c umulative

and t f ; a t shocks occur according t o  a Poisson process { N( t )  t ~ 0’ wi th

i n te ns ity  V . Then the failure rate function can be considered , at least

a 1 r i - r r , as a c o ns t a nt j ump process. This physical interpretation is similar

ru’ s. pr tb.iI il i t v  models proposed by haver (l9f ~1) , Ante lman and Savage (196S). and

t~. .at’Ids - i t i d S . a v , a c - a  ( I’~ I in w hi I f ’ -  fai lure ra te  function was s tochas t i c .

in  ~e a t f o n  2 we wi l l  u t i l i z e  the constant j ump process as a prior d i s t r i —

f ’ t  ion on increasing f a i lure rate f u n c t i o n s  to obtain a haves nonpararnetri

— 
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est imato r  of r ( t )  and of t i r e  re l iab I lit y or surv iva l  function F(t)

rtu )d u~ bj’.t-d or a randon sar ;- i .  of s ize -  n fr iar - F ( t )  . This
0

es t imator  o i t t )  t u r n s  ‘:11 t a  •- a sr-o.’t ia curve rath er than a ster f unction .

ri ‘-‘ i - c t  lou I • an a - :-..ar. :~ - ~~ ~‘ i vu:: us iii. - tia ta s imu l .41 ed hr Pubrv ( 19(, ) I ror. a

~eibu ll d is t r i hu t  ion v~ t h  incr~- .a,.in, - t . a i lure - r a t e .  Fina lly , in Sec t ion ~~~. it

1 .  Sta.Y~’ti t hdt t fat  s .a:’ e ti -c h:r 1 hue . . hi e - .1 lv appi it’d Ii’ obtain Bayesian

:o’:r ;’arar.t- t r i c  t ’st  ir..Jto! S It .111.: I t  t o t  larhi t ra r i lv  r igh t—censo red

da ta .  This prob her . -  s j -  s t u f t e ~: I- -, - usjt l . a  .:ot Van hv z i n  ( 19 7 h)  for bi r ichiet

p r o c e ss  pr l .a i s  a:r~t h’. ~~ r ~uas. ’fl .41: : i r . a : i . a  ( l ” ~ ‘~~ ) i c r  p r ’ ~ e-5SeS neutral Ic’ the

r i gh t .

ii i h A Y I  ~
- I Rh ~.“. i AF_-~Yi IC 1 ~ ;. :~~ 1 .~~~ ~~~‘‘~~: ~ Tf I

La - F (I deno t t iii- .111 ra r  . k t t unct ion s i t  f.  prior d is t r ibu t ion

i~iven h’. the  cons tan t  ump pr.~ a s .  d a s c i  ~t ’ a - d  in S i - c t  ion I. Then I rorr.  the jump

• 0 an d P- ls~~oi’. p r - ~ us . O~ s-c- havi- F (t  ) • N ) with

~~ rrer a p~’ndtnc sr r r v lv . a  t Une ? Ion . : v . r: I-’

a ex~- — 1~~u)du ~ ox;’’— . 
,

- ( I — :  - 
) 

• ~ 0 . ( 2 . 1 1
i—I

whe re • i — 1 ,., ‘~~~~~ • N(t  I • denote the “ a r r iva l” t ITtreS of  j tmaps of size

in (O .t 3 . Giv e n NW — ~ and t • it i~ wel l—known that T 1, • ‘

.ara independent uni form ly d i s t r i bu ted  t ando m var iab les  on (0 . t

l et  x 1, 
~~

‘‘  

~n 
he a g iven samp le of s i z e  n f rom the unknown distribu-

t i o n f u n c t i o n  F . I t  is des i red  1. ’ ob tain have s es t imators  F ( t )  and R( t )

of F ( t )  and r ( t ~ , res pec t i ve l ’ . , w i t h  a squared—error loss fu nction of the

fa ’ r r r  L(F .F) — F(t — F(t) ~dwi.t~ , where w ( t )  is an arbitrary non—

rando m w eig ht funct ion .

p. —

_ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~- --~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ - — - - -~ 
- . -

~~~~~

-

~~~~~~

The likelihood function of the sample is

n n

~ (~~ . -
‘ — P f-(x ) exp. — j  R(u)du

i — i  i — i  0

n NIx 1 )
— P N I X  1 ‘ x p : — t  - 

~~
>. —

~~ “ ~) .
i - I  ~— l  ~

hut . • at lo.ts t  t fau . ’ re’ t t c.i 11 y . tin- posterior probab ilIt ~ rt-as ur ° 
~n

? : .~ p.. r a t r e - t e r  s; ’aa i C — .r : r is an j ncr (- .-lsini f a i lure rat i-  f u n c t i o u~ Ttr3~-

i t -  o~ tained f r ot—

n it

r ( B )  — - (x )dP /[ I f ( x  )d P .n i — l  1 C- i— I

w t a a - r .  f IS a ‘ a- . i s t a t th Ia sub se t  of 0 and P denotes the prior probabil it\

a .i sure -v . r C n : o .  aul hr t h e  constant  Iut-;- pro c  a s s .  It is not necessar y

however. t ir:d P in .‘r..Ia’ r to o i - ’ t . uj n  the des i r ed  haves e s t i m a t o r s .  It is
ii

ttr uch s i r ;’ l e r  to .alce;l.it e th t - pa ’t ’ ta-ri ’’ r mean of l it )  or R(t) directl y .

:r - - t  obt .. in t h,’ R. iv t - s  est  1:— ut a - cit F( t ) I rot- t ha expression

i t t )  — i . F ( t )  >, , ~~~~~ n

I ,’ ~ ( t 1  ~ f(x
1 )dri/:J 

f(x )dP~ .

- i — i  ~ i—I

Assume w i t hou t  any los’. of genera l i ty  that the sample values are increas—

in 1 .. x 1 x~ 
• . . Then f r a ’ n ,  equation ( 2 . 2 1 , the denominator of ( 2 . 3 )

ha cone S r. n N (x j )
r 

~ f ( x
1

)dP — f I 1 a N ( X
~~

)e xp
~

_ .  
~ (x

1
—T ))

i — i  i — i  j—l

dP (N (x
1
), •. .  ,N(x ) , T

1
, ‘

TN(x ))
n

-‘I

- - --~~~~~~~~~~~~~~~~~ -~~~~~—-— -~~~~-- -- - - —
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•
~~
N (x

n
)’1jtN(X

i
) ~~~ ~~~~~~ ~n~~

’ ~ k~ exp (-( 

~~

— ( , 
. . . ,1 - ) . Thu ux;’~’na nt in ( 2. ..) itrav he res~r it ten  in t In -I N r x  )

n
fo r r

F
n i n n

- . (x -T ) — — . . k 
-

- X + ( l~ -k ) 
~~ 

+ ~ (k —k ~1 j  I ‘- 1 2 1 n n—l ’ ii — l  ~~1 i — i  i — I

+ • in 1 + ( n — i )  . . . -. 7
j-I j-k

1~~
1 j-~~~~1

4l ~

N~s., c~c ’nd 1 t i ca n t ’d on F
1 

j ur ps in the interval - • 
~~

. 

i+l • 
-

are order statistic s Iron independent unifo r- r .iv  d i s t r : hu t e d  random v a r ia h h s

on (x 1 1 , x
1 • i — 2 , • n and T

1
, .. . ,T .-i ra- order statistic s f roir

Independent un ixo rml v distributed randor~ var iable’s on (0.x1~~
. Hence , lett in~

x~ — 0 and k
0 

— 0 • we have for the 1 th interval X 1 1
.X

1 
, i — 1, ‘~~~~~ ,n

F F

J txp (n— ~ -+l t dt / ( x ~~—~i 1 1 )
i-i i- I ~~~~~ +~ a - ~ 4 ’

- i — I  i — I  • (2.5)

- { : c x p t . ( n - t ~~1)x
1 

-

h- - the mean value theorem, there is an t ( x 1 1, x 1 
- for wh ich

exp (n—Hi ) • x — exp ’ (n—i+l) . x ~3 0
(n-i + l ) (x

1 -x
1 1

) 
- exp E (n-Hi) x~~) , (2 . 1-’ )

qa ( .5 )  can be simplified to exp (n~~i + l )x ~~(k 1~ k~~~1 )J  . Thus , suu~~ing over

t he appropriate roisson variables , the expectation in the rig ht—hand side c ’

— - - - —-———-- - -—

_____________



(:...-I become’s

F F
n 2 n n

f l -- x .  ‘ .. ‘- 0a ~ . ‘ ( - - F I exp ( a (n—j+l)x
F —

~ F — U F — U i — i  j ]n n—i 1 -

- ~ ~h~~-k~~~1 
a 

~ (x -x
1 

) . 1 1  / (k
1
-~ i~i— _ i i—i i— I

htt .I lo t: (2 .  r ) can ht ‘to 1 ve~~ ‘1

— s:~ e x ; ’ ( t n— i + 1 )  a x i  — exp ((n—i~~i) a x
1 1

)~

— .,: n — i +i 1 a ( X  — ‘ . I j ) /  a tn —i --il )
1 i — i

~..n he- ~ ubc?  i t ut u d  i n to  ( . . 7 f  t o  ob ta in  at a - s .ICI e x p r e s s i o n  for the

Jc’tic ’t-i n;itor

To ca1cul ,i~ c in. - Out- i - l it ’ ?  of ( .3) the techni hu ’ is the same as f o r  th e-

denonii:.at -r C X c ’ ’, - I f  -a~ w e - have’ an e x t r a  terr... The numerator is

i f t

F

- F
~. ( X  ) . . h n x  ),h (t) T Nt~ I— k . ~~

.. ,N I t i - F  tc xp~~- a p (t_T
~ ))

1 n I I t

Fn I,
• P t -xp — . I x  —~~ 4

) iF .

i — I  ~~~~~~ ~~~~~ 

1

N ?  ttaa t the  order of  sanr -.at ion co r respo nd ing  i the f i r s t  expectation in

(2.8) depends on the V a i w -  Of  t . I f  x 1_ 1 
. t - x

1 • I — 1, • • ,~~ 
4 1

‘_ : .- re x • 0 and x — • then the v ; l u e  o f N( t ) is between N (x0 n41 i—i

an. I h ) x
1 1 w i t )  probab il i ty  one , w i t )  N(0) — 0 and N(~ ’) — ° . Hence , 

~~‘ - - - - -- - - --~~~~~ - -  ~~~~~~~ - - - --- -
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we can simp ly relabel the x ’ s and t as n + 1 new points by defininç

• )‘ i — i

— v~ ( t I — t • J — I • i — I • — . . . ,n . .~~. 
(•

• j .-~ 1 + 1

Then s1~~ilar t o  the denominato r , the right—hand s ide of ( ‘ .8)  t’ C c t ~O5

I tI ~~~ ‘ F\~~ 
- . 

~ ~‘.(v~ 
) I. 

~~~:: ~~‘ :r• 1 - —1

n-4’ l F 1 
-

• exp. — . 
~

i — i  zr-I - -

n -a- I Fn - r
— t x ; ’ ( — ’.\ I L I , ,  F -a 

~~~ 
() 1

n~~l n I

nfl F —k n~ l nfl
• 

j l  ‘~~P~ ( ( n - j ~~1 - 

m~~ 

v r
i ( k

j
-F 4 _ i r

~+ I
I 7 ( ~~~— F  

i~~
’ ’ x 

1 ’ t ~~~~x , i l,~~~ ’ .n~~~I .
— I  ~ i

T h a - r a - f o r e . t : a a -  desire d haves es t imator  F ( t ~ of surviva l p ro f - a b i l i t .

i t t )  is ~1vcn 
by (.:.li t ) divided by (2.7). This estimat or is readily compu t-

able’ hr electronic computer as the examp l a- in Section 3 shows.

- 
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• or t lit- ba- i- ~. lan n ::; ax a:.~ t r i e-~. t m a t  or of  r I t ) • the failure’

r atc - t. uz: ?ion , s~- sin;’l~ • al ~n i a t a  the x.-a ~ui re’ d numerator e-xpre’s:iozl for

tn t - :‘c . ~~e r i ’r F - a - a n  i’! - - ( t ~~~ • t h a t )  , w h i c h  i s

1(t) ~~: ~~~ )d~’ - F ( :)  F ( X  I eX ; ’ - 
~ 1(u)du’dP

— , e~ . ( X  ~a 
~.: I — ’  ~ (x  —

~~ 
) ) dr~h (x ) - . . •N(t a ,~ 

)

1 — 1  1 ,j 1

- 
“ Ix I

• - 
: ‘  

N ( .  I I N t i  I i- ..; ( — : IX —
~~ 

) )  - (2 .L  a

I — i  ‘ i - i  ; 1

I.. a - x ; - r e s s l  on : ‘. ana1c ’.~~:ns  ( . ~ 
) , 11010 C , re labe l 1n~ i t t -  x . s and t

as v~ . at. In ( 2 .  I • i t  is c - u ’. i lv s)aa~~ fl t in .a?  (2 .11) 15 equal t n

n+l
nfl

~~a ( . k )
N v

1
) , - . ~t ” : 

~ 
h (y~ )*k 1

, . 
•

N t- -
0 4 1  

h 1
~n+1 j 1

‘ 1

: — ;  I ’ : )

‘ l , ~~i ~r ’ l

-
. nil F

n~~i ‘- - - . - n-a - i
• • s : I — . -a. . ) 

. .~ 
I ..

• ‘- -• - — ‘  •,~— l~t ~— 1

n 1
- 

~ ( v  — y 
- 

‘ I exp~ ( n -  • : )v~ — ~, ‘—1 .
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~~a a t t  %~~~~, L ~~~~~ .v 14 , . as in (2 . b)  , F 1 
t o t  j i • and

— F U I  j 1
j  3

iheretore , t he’ h a t s  r t 1 1 . J t a I  ~ (t  I of  r( t I is ~ lva ’x i  t v  ( .  .1 )

by ( 2 . 7 ) .  ~~~ IS e ’St it- Jt ot 1- . .a a, : .’ t h  C tt’.’ . . rather  ‘ a : t a

Iunct 100 a . t h u  estL u? r of ~.a rssaI1 and ~
‘ rescnan (l~H.S) v ia-I d s , an~ is an

nc reas i n~ func l a O  ovo r t he ran 1:a of th e - ~;.a a so tha t  ~ have a “closu r e

; r, ;‘t ’ r ~ ~ FR a v e r  his -~~~

rt’n.ir k : t . a t  c o n s ta n t  ar ;;- s 1 : a  :r.t-~
- f e  t a’; ’ l:iced by a run~~~r

ur;:’ s : : .. , s.a’ • w: h di sIr i hut foc i  ano ~ :0?: . . This x tens :  on ; 1 —

e e - \~~
- 055 1005 and t-,aFt-. . i t- ::- :nt t a  ‘at- . Tto - cons?  .a : .  ‘ in; ; t l  - r

p 1-ce ’s .. se’e’n’. ri - .i ’.e’anab la- and su ff icle ’nt t a t  i’avesiaz: anal-si .. as ~-a.. c n —

c us s e d  10 ~‘a ’C t  1 ’ f l  1

~ AN l XA’~ ’1 l

As an examp le - . t:.. o rrnaias f a t  the ba’.ta — ian nonparametric e s t i ’ r a ’ Ors

,ie- T ive ’ d ~ a c ion . wa. I.- ;‘ a - or ar~~.- a? I ‘ r cot -put at ion on an e- 10 t r -ni c a a r  —

putt - ? . A r .a n i o~ ~,e ’~; - a - 0? sI:. n • 5 v.1’. sa l e a - t a :  fr t h e  100 observa—

t i n s  o: : - .d-e’ -. ( 1  i~a 7 )  1~e?ie r . i t e a f  I ron a ~
‘ i t u I l  d i st r i h ant 1 ’:; wit ) : scala

‘ll I ~~~~ I a ?  OflO and sIn.i pt pa ra~ a- t o y I . 2 , Se a ta a i I ure rate funct ion

lnc r .-asi fl~ . The- 51cr- ; Ic Se ’ia t~~I a - l iv t ’n in order is 0. 13 58 7~ . ~~~~~~~~~

~~~~~~~~~~ 1. ~~~~~~~ 1.5.1 .17 . Fi gures 1 and 2 show the result 1:1 -0 es t irnat ,-’-

of r (t l  and F(t I • respe ctive l~~. Several values s”! the’ pri or p r oc a-cs

a - . t o t s  ‘. and • we’re used ~~~~
- fli u stI at . the ’ a- ? fe - ct ~ of t h e  choices.

Als o. caan ; ated and ; . 1 ’ t  ted In the f t oaI ra’ s were (faa t rax i rua r- 1 ike l  l)i ’~~t ost 1—

nate- - - (Marshall and Prc’schan (1 ~~~~ 
and t h e  true r (t ) and I t t )  1-.-?

conparison . The’ mle ‘2 r(t) it .  4 at I. ”2i~~37 and beyond .

-~~~~
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The or-put at 1 on.. in Figure ’s 1 and w a-T a -  pa- t ot ttat d with 13 tott-s In the

uut..1dt- in? in tt e • ..I.ar’r~,at t on:, i n  a x ;  te ’~0 1o1 I’ . t l . 7 )  , ( .  .10) • and (1.1.’ ’ . Ifa t

It - It s w e r e  1 o s ,L0 a - to a? I t- . . -  I I - - 1. 1 a-;.a I : 1  .h a- - when us in~ I en or

fllOe - U- a’n ta- It - -- . A lso , j n .s ;; -t5 -~~tmat I o t a  I.’ t t a t  ~ i n I2 .~~) 1 ’ ?  a’
t

4 x l_ 1
nj : , - ?  at or I ormu l .a. - ) i va- ta hr t tat r 1 Jp~’ lot ‘. 

- 
-— v i  ~ I ut -J t h e

sat-e- i a - . - . ’, I S  to .at It . a ~.t t~~ a da~~~it-.i 1 pl ace - s .

i~~t CASI, a~~ .-\~~h :TI~~~~;: ‘ ~~ -~ i l — ~ : h , -~ ’~- . i :-

Itt ran - .-. 1 ? :a .11 1 a ’fl - - in 112 a I a - j - ~~ ~ , t ? l a ?  ..n r 1 v .aI .in i I v :  15 I - - e i t ar - s

hi ’ t~~ . a t t J  : n ? o  .Iiia? ri- r - 5 - ’,- a I  t i ’ ; -  LU 5 t ,- . v  a?  .11 1 ? l.a! . ? :r- . s. I~usa: l .a .a:,~

~dr) ta~ - :  :tr (l~~~• i and ,‘r~ ’ua,o:: t O l  I h.idi ,a ( ~~~~ 
- ) a j , i  of ’ t ,i i~~i - ?  1—a ’ .e ’ s : . a : -  non—

;- .I:.a — e - t r i c  a s t i r _ c t  t ’ . 0? ..;a i v i .’ .a I i a b . i l i I ? U ? 1 I 1 ’ i n 5  ( f a t  : :r :chi a - t

- e ’ ’ . ’.t  - - . l ? a t  pr o~ e ’ ’ . ’.t t. ~ a- - it , t .a~ - a  I I 0 1.? at. r? 1- - ? ’ - . I I ’ ” ? . -  ia”e l

- -
It -? X , ‘ , ‘. aft- ~~~- t a  .1 ~ - - l — ...an;’ aa -  . 1  I t  n a - _ 0l . ival i r a . .  c’t n

t t o r ’ . ~ li t - t i  d i c t r j b - n t ion Is . I , ?  1.’
1 . 

‘ ‘~~ .1 be a so ’ . 1

~‘or.’.tant .. or ~nde ;‘e’xida ’n ? t,c:n~? ’~ ‘.- a r  . a 1 I . - - - ~ I 1 e  ,-.t . a l s a ’ :n~l a- ; -a tOle -?:?

1’

- I.a ~f •‘. ‘-

- I I
• r.ir; ’ le. ‘

~

• 1 1 0 i 1’ ” ‘ U  . ~~~~~~~~~~~~~~I I

;- l i r s  (X
1.~~~ , i — I , - 

• .- ar ,  the observat io n’ - w hic h are ava i la b la

t .  t a -  cx;’a - x lra a ’y :ta - t , in  vI, l a )  X i.- an observe d I i t . - ir-. ~ f 
~ 

— 1 and a

censor ed ii I clim e I? — 0 • I h a !  1’., It is known ~- ta I a ft ~‘hse r vie l ions

ra ’ ;’ recent “( a  a lu re s ’ and wt ich a ’na’ ’- rep re sent la’sse’. .
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In~- 1i~~e’ 1ifa oa ’d f u r :ct  t o n  can l a vi itt e n as ILa~ aIko:- (1979))

Ii l— ~
— It ( x  )~ ~ 

~(x 
)~ ~

i — i

— . R ( X  ) ~~~~ ) ,
1 I

i — I

v : e ’ i I’, ( ) is t ot - t .e i lure ’  r at .  aIfl~ 1 io t a  ii: - f - c  a t e .  Hence • for the- r i ~ 2 t  —

( a O ~~- t i a  . .Jr - ; - i e  a . , -~ ) • 
1 — . . . 

• ? a ~ I- .a~- c-. ian nonpararnetric c- t i —

I ) a’ . - : t in .  .: .is lfl Or i Ot? .’ t~~i a. or-p la t i sample s. I f e

i t  I~~ .a t  1 15 , 1 V  a r t

ii ’ )  —

x .
I ~(x I ~ t - ’ p ’ -’ ’ i, ia i )du  d ’

— - — ____~— 1 
— - — - ---— - —- — 

. ( — .1 a

I ) a x ;  
x1 

k(u)du -dP
i — I  

a- ’

~ e y e t - , • - ‘ i ’. a  - ? ‘  . . i — . is ‘ - ‘ - : ! • , w i t h  ~ x n

fl—e a - a ’tc,ca 1 0 , 1 ? - ?  o ( ~ - 1 1 i ~ • ia ’ . a:

n ~ it p — k
r I r .- i i— Ia _ a - : - — ’’ I 1 . .‘  - ( l i  I a -  I ’. —x

0 • 
- 

‘ , 
- 1 1 1—1

~~~~~~~~~ r~~~l
1 ~ 1— . i — I

fl T a n
• ox ; . - ( a n — ’ ’  i)x — x I t .  — a  C 7 ‘ t k  —~~ ) ‘ . (4 .1)

l I ~

a ’ ?  T a ,  t: ar-a t a t -  - I . . I • v i - • I abe 1 T I ;. a ’ )  ‘.c rv.-e t ions in a m a n n e r

s i~~i jar t t a - - i t in - . I oTt .‘ . ~~f a . - t .  

~ 
I x 1 • i • 1 . n 4- 1 , w i t h

— 0 and ‘ .

- _

ha. -~~ _ _ _  _ _ _  - - , 
~~~~~~~~~~~~ 
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i~i

• ~ :. I — I  :~ • 
• i — i

— v ( ? I — t • f — 1 and 1 - — 0 • j  —
3 1 3

• j  . 1 -a’~~ • -~ .~ 1. 4 1

i l o : :  t he num~ rat  o is v x  a t t i - ta ana l a a ~t out. t - ( 2 . 1(1 1 .a,

-a-
—

- xis 1 j ’- , ¶ 14 1
- . -  t 11~~

oxp I — .‘v , I ‘ . • ‘ ‘ ‘ ( a  ~. I ~ -a-’ / (k —~ , )
n+ . ‘- - 4 - 5

p a~ 0 k 0 i — i  j l  -

n+ 5 i xi 1 -

k —~~~ n~~i t a •  -
j  i -j  ‘-  0 .

(v
1
— v , 1 ) 

-~ c x l  — 
‘ 
‘

a- 
a (i~

1 
a- 1 _ 1 

)

i— S t 1  n—I

- ‘ . a 1 ~~~’ ’ ,x: -’ 1 .
i — I

The’ ra. ’ ?  - r e ’  • ? -r r i O O t a a t i ; , i a , l  ‘II’ lt•T. the ~- .a.a -. - n ’t:piet.ir’at t r i  e c t i t - a t o r

1~~~ ) o :  ‘: ( t ~ is g : - . a - r :  by (.. .~~~~ ) : a - ~ fde- d h’- -. ..I . I r a - r a n - a r . at ~ -r :o. ( h a

Ba’.’e:. est jr-,at~ of r ( t )  c a n  I i  -aata ~t in a s :r;1 ~a r  r..an!aa -T and is omi t ?  ~ - :  a ! t - .

‘rer-i T-~ I . a - r a-r-.a T p t f:,I t t In- ha’5 a- .. 1.-an :aa ’nI-a a ant- ? r 1 C e ’ t -  ( l a - a t  a I f a t

I t ? )  ,.a”efl faa - t a -  is .a :.r-’ t f  ~~;ar v a  (and ass u~ e’ - F as  a:; IF~ d i - - t r ~~f -u t i o n) .

- - a. .ar la .i::d Van Rv: in ’s I 1Q ‘ f , a v a ’o Ian 000par.ar a - i ii a c - s t i a - a t  o r or this ca .’

u a;in, tI.. D ir ic h l c t  ; ‘ l l ’ r s  Is d l a a a a ’?a t Ina t ’ :a ’ - at t i a  txti - i -nt , ored data points

wI: j I a -  :- ,- well —known 1 .i;’ ian .in : ~, l o t  • it ( la ” - t’’.ti ta-ate is a 5 ( 1  unction

w i ? f ~ ~unp c at the’ a a n c e nc a ’ r , - al of’cerv. i t 1 ‘ I t S .

i~er ie r ~~~2 .  It should .- alit a f’a - noted th a t wa . can o f ’ t a in  a ~as’esian nonpar a m e ( r i c

O c t  t m a t - - r  ol the d enta l t a ’  ? noe l i ’r: I ( t I  in th is  f r . i t - a ’~~- ’ t  k , For th e -  c e n c o r e d

I a ( X , a~ I • I — I ,.... n , we ca lcu late I ( t I  • F I (t ’) - (x . ) • i — I n -

i i  n I i

In a ~ inncr irni lar t o tha t for  ( .. I ) - Sinc e f U 1 • RI?  ) F( t )  . t he required

numcTiet - r  (or f (t )  Is t he s.-ara- as a o . fl wi th  the s ta ted  relabeling of x ‘ s and
n i

-I
_ _ _ _ _ _ _ _ _ _ _  _ _ _  
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I a” ‘ S arid 10 ,~~ ‘ s except  t I a t  I
j  

— 1 for  I • i. Again , f~~(t ) lb a

s:~ ’5 ’t ~ . dt’ns it ’, es t ima t o r  and , 02 course , b r  — 1 for  all I. we have the

- ‘ tao a e’xas - ! in~ Jt. a onsidered in Sect ion 2. 
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